Abstract-Document management has become an important consideration for the scientific community over the last decade. Human knowledge is central to many scientific domains, thus it is not possible to completely automate the document management process. Managing scientific documents require a semi-automatic approach to overcome issues of large volume, yet support the human participation in the process.
I. INTRODUCTION
Document management has become a significant consideration for many scientific domains. The rate of document accumulation is far more rapid than a decade ago, and many scientists struggle with managing an enormous influx of data and documents relevant to their research and experiments. Handling extreme volumes of documents is a key issue that makes manual organization impractical. This situation is further complicated by the presence of multiple formats caused by poor standardization.
The need for formal domain modeling is identified as an important prerequisite for document management and as a result, major developments have been made in establishing formal models to represent scientific domains. In an increasing number of cases, these models are ontologies, usually defined in Web Ontology Language (OWL), the widely adopted W3C standard for ontology syntax. An ontology features relationships as first class objects, enabling rich modeling capabilities. The fundamental driving principle in using ontologies for document management is annotation. Annotation refers to embedding labels pointing to ontologies (or other models). The exact syntax of an annotation depends on the format of the document being annotated.
Using accurate annotations pointing to even a single ontology can improve the quality of lookups in a scientific document management system dramatically. This is exemplified by the use of the Gene Ontology (GO) [1] . Literature annotations using GO terms produce very high quality, species-specific meta-data and brings the information about the gene product into a format that can easily be used further in high-throughput experiments. Thus, annotation of scientific literature is an extremely worthwhile process in the long term. However, complete automation of the annotation process is often not practical or possible, due to the presence of contextual and domain specific details and the need for deep domain knowledge. Hence annotation of scientific literature still remains a human-oriented task.
We identify the lack of good tools and integration as a key reason that has hampered the use of ontologies in many domains. For example, NCBO 1 currently hosts around 260 ontologies containing nearly 5 million terms. Although these ontological terms are the ideal candidates for annotations, biologists hesitate to look for standard ontological terms given that it's a time consuming process.
The goal of this research is to combine SA-REST [2] , a W3C member submission that specifies a general purpose Web resource annotation framework; and a faceted indexing and search engine, to create a generic annotation and indexing mechanism for biology-oriented documents. We focus on better integration, as well as the use of standards where applicable. Our intention is to provide biologists with convenient tooling to overcome the issue of large volumes as well as the presence of multiple formats to some extent.
Thus, our contributions are: 1) A comprehensive architecture for annotating and indexing biology oriented documents enabling; faceted search, based on existing ontological concepts. 2) Two practical use cases that address different document management problems in a biological context; and, demonstrate the advantages of the proposed architecture using these two use cases. 3) Kino toolkit, highlighting two key components, that facilitate the annotation and indexing process. We performed an empirical evaluation, highlighting specific cases where our system shows clear advantage over the existing ones. We opted to release Kino tools to the public, and plan to collect the experiences from the adopters at large.
II. BACKGROUND A. SA-REST
SA-REST is a Plain Old Semantic HTML (POSH) format to add additional meta-data to (but not limited to) REST API descriptions in HTML or XHTML [2] . Being POSH means that the embedded annotations are similar in nature to Microformats, but may not necessarily have gone through a rigorous open community process 2 . SA-REST is flexible enough to use meta-data from different models such an ontology, taxonomy, or any other source of standard model. This embedded meta-data permits various enhancements, such as improve search, facilitate data mediation, and provide easier integration of services.
B. Faceted Indexing and Search
The faceted indexing and search engine is called Kino, referring to the talented young pearl diver mentioned in John Steinbeck's novel Pearl 3 . Kino is the descendant of the APIhut project that introduced faceted indexing and search capability to service descriptions [3] . Kino supports generic domain annotations, and is capable of providing facets on any domain. Kino is built on top of Apache SOLR 4 , a facet capable indexing and searching engine that is easily extensible.
III. USE CASES AND MOTIVATION We present two use cases that encompass two different document management tasks, encountered by biologists. These use cases are presented with details in the Kino documentation 5 .
A. Scientific Worklfow
The first use case is a scientific workflow. This type of workflow is routinely used in a bioinformatics or a For such analysis, researchers routinely use Web services and hence these tasks are the most likely candidates to become part of a service oriented workflow.
Many organizations, such as the DNA Data Bank of Japan (DDBJ) 6 , provide service interfaces for some of these operations. Biologists typically search and browse through a service catalog such as BioCatalogue 7 and import the relevant service descriptions to a composer tool. Biologist would have to use descriptive terms to extract the most suitable services. Often these terms are imprecise, and several attempts are needed to get to the exact service, required for the task at hand.
B. Document Annotation
Our second use case comes from a genomics and genetics research group. The genome database GeneDB 8 , at the Wellcome Trust Sanger Institute (WTSI), maintains a collection of more than 40 genomes, predominantly of pathogenic organisms, that is constantly updated and annotated. These annotations are prepared via rapid information and knowledge exchange between teams of literature annotators and data curators. Curation of the annotations is a collaborative effort that involves teams of scientists and bioinformaticians at four institutions. Curation refers to the correction of existing annotations as well as adding more annotations from the literature.
The current workflow of annotating a document starts with the bioinformatician using the browser based Zotero 9 plugin to attach notes to the document. The subsequent steps involve curators going through these notes looking for GO terms manually and updating the annotations. The terms that are not defined in GO are related to other sources of literature. Completion of the annotations takes several rounds of annotation and correction by bioinformaticians and curators.
C. Motivation
The two use cases highlight many instances where improved integration and faceted search can aid the biologist.
In the case of a scientific workflow, the search for services in the catalog is based on imprecise terms and tags. Even though the existing ontologies provide an excellent source of standard vocabulary, cumbersome service registering processes make applying standard tags an extremely time consuming process.
In the case of document annotation, the lack of integration across tools is the most important issue. When the annotators add notes to a document, they do not have the capability to immediately verify the existence of a GO term. Similarly, when multiple ontologies are used, there is no tooling capability that lets them search the presence of ontology terms in all the relevant ontologies at once.
Both these use cases motivated us to introduce an annotation process with the following features.
• Driven by integrated tools such as browser plugins.
• Intuitive (i.e., can be performed with minimum training and effort).
• Provides convenient access to existing ontology terms at the point of annotation.
• Flexible and easily extensible.
IV. ARCHITECTURE AND TOOL DETAILS This system is designed around the basic workflow consisting of three steps; annotate, index, and search. Figure 2 illustrates the major components of the system.
Annotation
In the annotation step, users provide annotations via various tools. The illustrated case is the use of browser plugin, but, it can be through a Web site, or an Integrated Development Environment(IDE). Once the annotations are added, the augmented document is submitted to the indexing engine. 
Indexing
Indexing is performed using Apache SOLR. SOLR can be installed as an independent application and exposes multiple interfaces for client programs. SOLR provides isolation for the index as well as built-in faceting support, which can be controlled via a configuration file.
Search
The search uses a Javascript driven Web UI. It presents a typical search engine like interface, as well as the ability to filter the results via the facets. The current UI is based on the Kino JSON API that can be used to integrate any other tool or IDE.
This particular architecture makes the Kino system flexible, in terms of adopting it to different types of resources. For example, using PDF documents, only requires a PDF parser in Kino; the rest of the Kino components will be unaffected. Figure 3 illustrates the user interface of the annotator plugin. When the user highlights and right clicks on a word or a phrase, the browsers context menu includes the annotate as biological concept menu item. Selecting this menu item brings up the annotations window where the highlighted term is searched using the NCBO RESTful API and a detailed view of the available ontological terms is shown to the user to select. The user can search or browse for a concept in any ontology hosted in NCBO. Once all the annotations are added, users can directly submit the annotations to a predefined (configurable through an options dialog) Kino instance, by selecting the publish annotations menu item.
A. Browser Plugin for Annotation
The annotator, when used with highlighted text, modifies the browsers in-memory HTML representations. This modified source is submitted to the indexer for processing.
The annotator plugin is available to the public via the sourceforge hosting site 10 .
B. Index and Search Manager
The index manager is based on the Java JSP/Servlets technology and consists of two major components. 
Document Submission API
This consists of a HTTP POST based receiver that currently handles only XML input. The required XML format is a simple wrapper around the XHTML document. Once a document is submitted via this API, the back-end enhances the extracted annotations by adding extra details such as synonyms.
Search API
This is the primary API that supplies details to the frontend. The current search UI is a javascript client that utilizes this search API to generate a dynamic UI. This UI is illustrated in Figure 4 (The key sections are highlighted).
Kino is also available for public use from the sourceforge hosting site 11 .
V. EMPIRICAL EVALUATION
We refrained from doing a traditional evaluation. Instead, we performed an empirical evaluation with domain experts to highlight several observations where the use of this system is more advantageous than the existing ones.
In the case of biological Web services, we observed that BioCatalogue returns about 75 Web services for the search term gene prediction. However, it returns only 20 Web services for the term gene finding, even though gene prediction and gene finding are synonyms 12 . We provide more commonly available synonyms in Table I . The essence of these observations is that such synonyms and cross references have been added to existing ontologies with significant effort and investment; although, the lack of integration leads to under utilizing these resources.
In the case of the document annotation, the WTSI is considering an alternate workflow using the integrated tools. Figure 5 illustrates the current workflow and the suggested workflow for annotating a document. The suggested workflow eliminates the term lookup task that takes significant effort. The biologists can now directly annotate a document and submit it to an index. VI. CONCLUSION We have presented our standard-driven annotation and indexing tool set, showing applicability across multiple scientific domains. These tools help to streamline existing annotation tasks, facilitate the use of existing ontologies and enable the full benefit of using ontologies as knowledge bases for document management. Given that there are many steps in scientific document management processes that are cumbersome due to the disconnectedness of the tooling, we conclude that the integration demonstrated in these tools is indeed useful.
